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INTRODUCTION
This report is presented in partial fulfillment of the requirements of

natuwral and induced enfironments to be used for the design of the LEM

and 1ts equipment.

paragraph 5.1 of Exhibit E of Contract No. NAS 9-1100 and contains the |
5
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DESIGHN CRITERIA AND ENVIROIMENTS

1. General
1.1 Requirements - The LI and its subsystems shall be designed

to meet the general criteria and envirommental conditions herein as well as
the particular mission requirements as set forth in the detail specifications.

Design procedures shall be conducted in accordance w1th recognized rational
principles within the follow1ng framework.

1.1.1 Design - The purpose of the entire design and test effort is to
produce reliable equipment for the lunar landing mission. This purpose is
~accomplished by analysis and test of the failure modes for each item of
equipment during the design develomment. The objective of this failure analysl
is the ability to predict, accurately, not only the type, or mode, of failure
but the stress level at which it occurs. The design and failure analyses must
go hand-in-hand so that the effect of changing design features on the failure
modes will be part of the design trade-off evaluations and the reliability
assessment,

Stress level, as used here, means the intensity of any parameter, such as
pressure, voltage, temperature, etec. which affects the ability of the equip-
ment to perform its design function. These parameters consist of both the
envirommental conditions imposed on the equipment and the self-induced condi-
tions due to operating the equimment for the design mission time, Operating
time (or number of cycles) should zlso be considered as a criteria veriable.
The natural and induced enviromments given in this report are the maximmm -
levels that can be expected to occur in any LIM mission. FRational combina- _
tions of these envircmental and self-induced c:;i_tlons must be considered in §
the design of each item of equipment.

The factor of safety, that is, the ratio of the allowable stress to the
design stress, must be selected so that the likelihood of failure under the
mexirum mission level stresces is acceptably remote., The likelihood of
failure is due, in part to the range of distribution of strength availsble;
this range being due to material and constructional variations from one part
to another. This likelihood, expressed as a probadbility, leads to the mm-
erical reliability of the item of equimment under consideration.

1.1.2 Tests - The development teut program supports the de81gn effort by
prox*ding design data, aiding in material, ccmponent and part selectionm,
verifying design concep s and safety factors, substantiating design assump-
tions from breadboard to design freeze, evaluating enviromental effects and
determiring failure modes and operating characteristics uader off-design condi-
tione. <these tests should locate such critical features as vibratory reso-
nances, intermittent operation and other non-linear anomalies indicative of
ponen+1ul weakness or malfunction as well as the effects of 1rterac+1on be-
ween envirommental and operatiovnal parameters.

“Contrect No. WASP-1100 . atrort  LED-520-1D
Revdare 15 May 1965
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As an

the ecuipme
of the oper

integral part of the development test program, overstress tests

will be employed to obtain failure modes and/or safety mar

> v rln S b e 4
da/jor Salely ol £i05 WALl eX1isvu

in the flight weight design. These tests, in combination with background
data, must provide information which gives us a measure of the unit to unit
varizbility of strength. '

Tre significarce of the overstress tests will be increascd by s*tressing
T it t

nt o

19

allure after exposing o selected mission environments
3 g
ating cycle. These selected mission environments will include

all critical ervironments and loads due to ground and flight operation.

These tests are =z logicsl extension of the design verification portion
of the developrment btests in that they provide useful information early in
the procram as well as check on the ability of the eguipment to pass gual-
ificaticn tests.

Tre information from the oversiress %fests as well as other development
tests combired with the desiszn anslysis, should result in such 2 complete
urderssarding of the equirment crarscteristics that the accurate prediction
of failure modes can be made. Based on this information the requirements
for cualification testing can be firmly established.

Contrzet iz,
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1.1.3 Acceptance Tests - The planning for the acceptance tests should
begin during the design analysis when the crltlcal characterlsblcs of the
equipment beccmes apparant. Thought should b - .

given at this early stage, to non-destructive tob s, 1nsneyt10ns or oper-
ational procedures which will give meaningful information on the presence

or lack of adeguate strength or operational capability. These concepts should
be checked during the foregoing testing to provide the necessary assurance
that the cbjectives of the acceptance tests will be attained. This prelim-
inar;” set of acceptance test requirements must te comrlete before equipment
guelification since equipment must be "accepted" before it can be "qualified”.

The eventual purpose of the acceptance tests is to show that the equip-
nment . is representative of and the performance is eguivalent to the equipment
used 1In gqualification tests.

orn tests should be planned to
esign reguiremerts and has the

Yy
The qualification equipment, therefore, will go through the followin
g g
s

the
LT

1. The fir
A
ol

thase will consist of the acceptance tests derived from
T ffort mentioned above. -

ny

. The

a. cemonictrate tﬂe existance
ailure analysis, for all
s will be run at stress
. Io failure will be
ed cesign limicz.
t. nd p gist
mission level envircorments using or tim r tha
ae the critiecal rparameter to aflect the cquipment function. The
test duration will be equal to an cperational cycle plus one
add1t¢o*a fllght simulation. {An crersional cycle is defined
s @ g time plus flight *ime). MNo failure will be
nis test. )
It curing qualification, & Tailure should cccur o coaplete evaluatibn
failur 2l1] 11 1 d Pending the results of
qu I

1. i Tests - The post gualiiication tests should be
vin ol e gralification tests zand serve o increase -~cufidence
in cgulgment dooign 2ife and strength. The gualification test units will
therefore go through two test phases'

. +
2. The post qpalifi ati
of two edditicral Tlight

FORM G328 REV | 8.64 QB 1402 REPORT
Contract To. TAS0-1100 DTV DATE
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1.2 Reliability - The nature of the lunar landing mission requires that
crew safety be achieved through overall reliability rather than through the
use of escape systems. Therefore, attaiment of the maximm mission rella-
bility and crew safety shall be the most important single consideration in
the design, construction, handling and operation of the LEM.

For the LEM, the probability goal for accomplishing the mission objectives
- shall be 0,984, For the LW, the probability goal that none of the crewmen
shall have been subjected to conditions more severe than the emergency limits
set forth in the crew requirements section shall be 0.9995.

These reliability gosls are to be met including the effects of launch
vehicle and spacecraft enviromments as well as ground complex reliability
vut excluding consideration of radietion, meteoroid impact and launch vehicle
or Cormand and Service Module operational reliability.

1.3 Advances in Technology - Flexibility shall be incorporated into the
. design such that esdvantage can be taken of advances in technology.

Contract Ho. -TIAS9-1100 , RepORt  LED-520.1P
oQev. 15 May,1965

Fne Tt GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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2. Performance
2.1 Margins - 1onal margins shall be used for systems and components

so that the greatest overall design efficiency is achieved within the gen-

eral criteria stated herein. The specific margins stated below are derived
from rational consideration of past and anticipated operational experience.
They are to be used as design criteria until experience justifies modification.

2.1.1  “ Design Margin - All LEM systems shall be designed to positive mar-
gins of safety. No system shall be designed incapable of functioning at
limit load conditions. :

2.2 Criteria

4 snall
ing cabin repressurizations from the Command Module repr
The LEM repressurization system shall be designed for a
rate as high as 0.2 lbs. per hour.

s s s - S SN [t .
=Ty CooUrisation L\GQqAL\,L ents - 1ne L
=

h)
m
|._J
jas}
o
3
3
o
i
.
1
)
+

ve capatle of receiv-
essurization system.
continuous leak

.

2.2.2 Vacuum Operation of Cebin Eguipmen
operated in the pressurized cabin e 2
for a minimum of two davs in vacuwx without
prior to operation shall be a minimum of 5 days.

t - Equipment which is normally
=t shall be designed to function
f re. Time period in vacuum

“
c+-
1

"d
%]
s O
o
15-
0
}J.
9}
3

c.2.3 - Miszion Abo 3 2
miscion aborts. All abo“xs aur ng lunar excursior
to, rendezvous and doci ih

for crevw initistion of all
shall provide for return
ice & s
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3. Desigrn Criteria
3.1 General
3.1,1 Isolation of Modifications - The IEM and its component subsystems

shall be designed such that general modifications to the LEM module or its
subgystems do not propogate through the other modules of the Apollo space-
craft. R

3.2 Structural Reguirements For ILEM & LEM Items *

3.2.1 Design Factors

3.2.1.1 Purpose and Definition of Szfety Factors - The level of structural
strength and stiffness is established by the conditions of 3.3, 3.4 and 4.0
in addition to specific loadings applicable to particular subsystems. Such
loads, called limit loads, are conservatively selected to represent the max-
imum range of severity expected on the luner mission. Rational allowance
shall pe mzde and incorporated in these loads for stress concentrations,fatigue
thermal stresses and dynamic response. Factors of safety are multiplied by
these limit loads to provide precazutions egainst unknown deficiencies in
strength as well as against excessively severe lcedings, in order to keep
the probability of failure within the necessary limits.

Ultimate Factor - At linmit load ** times the ultimate factor of i
safety there shall be no failure of structural rerters. The ultimate factor g
shall be not less than 1.5 applied to limit loads. This value may be re-
duced to 1.35 for special cases, not involving pressure vessels, upon '
rational analysis and with MSC approval.

Yield Factor - At limit load #¥ t{ires ithe yielid factor of safety
there shall be no permanent deformation cor tctal deformation which would
prevent performance of the mission. The yleld factor, epplied to limit
loads is nominally 1.35, but may be as low as 1.0 for ductile materials and
not involving pressure vessels and need not exceed 1.5.

3.2.1.2 Pressure Vessel Factors - The design of precsure vessels
shall be based on two analyticel consicerzticns. vwhen externzl loads are
applied in combination with pressure, the factors of 3.2.1.1 above, will
apply. When pressure is applied as & singular losd, the factors of
3.2.1.2.1 and 3.2.1.2.2 below, will apply. ‘

# See 3.4.1.2 for ezuipment when in ground support of LEM.

¥* Combired loadings, acceleration, prsccure, vibratlions ete, shall be con-
sidered.

T™ds dcoument contains information affd
; craye Laws, Titd

marner Unoan

P

#eroRT  LD=520+1D
. 591100 FEEY. 15 My 1965
P

UMMAN ATRCRAFT ENGINEERING CORPORATION
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. 3.c.1.7.1 Pregsure Vecgel Prcol Factor - ALl prescue vessels will be cub-
jected to a precsure prooil test during acceptance testing. After exposure
to proof precsure, the pressure vessel shall be fully capable of peric.mins

the mission. The proof factor shall be 1.3% times iimit pr "C”re * This
factor may be reduced for special cases upcn rational analysis and nerctia-
tion with MSC.

3. .1.2.: Pressure Vessel Ultirate Fa~tor - At lirit load times the ulti-
rate factor oi saiety there shall ve no :railure o the pressure vescel. i
The uliimate factor chall be -.00 applied to 1imit loacds.¥® Thirs facio: ray
te reducec to 1.5 for special cases uvon rational analycis and nesotiaticn
with ¥5 (mhe main propellan: tanx3, RCS tarks, and Ambient Tenver:tuve

Helium Pr scurizatin Tunks wre a special case 4and will have an altiais

factrr ~f 1.50 . n toe wrst combinatiin £ accelernti n, pressure, vib-
i rsti ns, sh o, etc) Ref. 18. '

~

3

J.o.d.2.2 Precrure Vercel Lipmit Lodds - Lindt loalc shall ve cbiaince with
i 1imit precsurec. Limit preccure chall be nc lover than the rasirum :
. valve prescure for the system. When prescue eifects are relievin -, o
: shall not e used.
t
oo, FP.eccure Stabilired Structures - Io primar; structures chal
! reculre preciurc stabilisation.

¥ ¢or Propulsicn and Reaction £« Lol e

chrean of the helium pressuce
Proof press. chall be ne oTopr >

—

b]
H
ot
o
(1]
o

use relief zlve narirum) o
whichever is greater.

Ultimate prescuie shall be

prescure (use relief valive malimum) or
norinal marimun piecssures, whi ‘hever

/ ‘ X . REFCRT LIl =) /
Cont-act ilc, IAS 2-1100 Tess,0A1E 1T Mo 1065
ENG 147D
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3.2.3 Vibratiosn - The apslied
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3.3 Flight Loads

3.2.1 Launch Vehicle
3.3.1.1 Temperature

3.3.1.1.1 C-5 - Ambient sea level air temperature at AMR during launch
time will vary between +15°F. and 120°F. The most likely ranse is betwe
56°F. and 33°F. '

accordiing to the U.S. standard atmosphere 1962 {Ref. 10).

3.3.1.7 Pressure - The nreqsu”e ‘altitude relationch ip i1l be aceordl
to the U.S. standari ataosphere l)ﬁ° (Ref. 1M,

ETNLS ibration - For vibration due to C-5 launch vehicle operatio
see Table ITI (4 :

3.2.1.0 Drrnanic Load nx - Acccleration loads due to booster thrust ar
ac shown in Teble IV and Table II.

are covered by

3.5.1.k.1 Starins - Drnanic loade due to thru

he followin~s Hold~down release rroduces il.; Foourerincoocd on L 20
static thrust. Thrust drop off at 15t stare DU rroul irouces -l.70.
T 9 N [o EP ')

- . DR o S DR )
3.3.2.1 Tenverature - The external surface tenverature »f e LN 10

between epproxirately -300°F to +I72°F depending on the or eqtuw¢qn

sracecraft relative to the surn, e 10 creace enviromment =7 -LEane e,

colar radiation of LLO DTU/FLE ar. Th- te

t5 160°F. in wvacuun cabin and equipient b.
ellant compartment, and +720° to +30° in t

£o%s in the cabin 50° to 90°F.)

T
I
3

Jenel.2. Presaoure - The al~osp clslunzr space will be

on the sider of 107+%am of H- : 11 n nregsure iz S oncie
s . . b .

()n moainzl) The uncortrolled pressure izt W1 poialds niwiial. )

3.-.02.3 Vioration - ,lbration due to 3erviee ¥romulsisrn Svoter are of

negligible design signiilcance.

Cntract lio. HAS #-1150 REPORT

D DaAYE
12V .
ENG-14 A GRUMMAN AfCRAFT ENGINEERING CORPHABATINAM

3.3.1.1.2 Boosted Flicht - The temperature/eltitule relationship will be

Lt vary
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3:3.2.4, Dynamic Loading

3.3.2.4.1. Svace llaneuvers - Maneuver accelerations due to Cervice Iropulsion
System & Stabilization anc Control systems are as follows:
o v
X Lateral . Piteh
-.3€ g +.237z +2,82 Tad./sec.
3.3.2.4.2 Nepositioni - The shock loads duc to repositioni alter
3 ng B ng
53-IVB burnout are:

X Lateral Pitech

~

‘ -.052g +,992¢ +,1% Rad., sec,”
i v
: 3.2.3 Lunar Excursion
i ]
! Ze3e3.1. Termverature - The external g
: vary between arproxinutely =3270° gne : : 4 o
tre gun.  The space enviromient is 5607 1. and eolar radgiotion iz Ly U/ §
it hr, The lunar surizcce temerature will Lo +2k0" to <3007 1. lciending B
on the position of 4. sun and the location of II7: t'c meen, M en nres-
surized the termerature of the cabin will be Loiwren 76 and 8() B ‘i"uf_‘
termerature will be ¢° to +100 0° Do in wvoowam: ceohin and egquipment e .
+40° £o +100° I, in the vrovellont camorin nt.  (Catir loeal srote BTV Se)id
(The Gescent e ngine coniustion chamler bac fzce is 50000
t
2.2.3.2 qoressure - Jle ambient rrescure .o surface +ill nob ;
exceed 10 mm ot Ig. when pressurized the ot ln rressure of the Jo0ow411 X
be 5.0 psa + .20 pei, vith a relief valve ccttine  of §.0 rsi GRS vE IR ;
-lic cabin atmocphere will consist oi pure oxycen.
ZeZe3.3. Vibration - Vibration due to dezcent or ascens noines are :
as follows: :
i
Tescent - !.cference Tavle II (e) 2
. i
Ascent - leference Table IT (g)
1
Contract l.TO.".nS)-llo . REPORT 15T
RG‘.".DATE 1T
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3.3.3. k4 Dynamic Loading

3e3e3.4.1 Descent lManeuvers - Iynamic loads during descent are due to the
operation of the main descent engine and the Reaction Control System. Signifi-
cant loads calculated occur at separation, in elliptical orbit, at start of
nhover and just prior to touchdown. Accelerations are calculated ascuming
maximum thrust at any time during the 103D second engine duty time.

Phase Vertical Accel. Lateral Accel. ‘ Rad/Sec2 1au/uec2
: earth g's earth g's about suout
X Y and 2 Y ané % e
At Separation + .368 +.0370 +.192 +.021
Elliptic Orbit + 172 +.0387 +,103 +.002
Start of Hover . +.,707 +,072€ +.4L8 +. 100
Ind of Hover + .815 +.0th *.645 +.182
Transfer Orbit > v 0 0
3.3.3.k.2 Lunar lancing - At touchdown the prorulsion and ion Control

1o
svstems are capaple of procucing the zccelerations given in 3.3.3.4.1 avove,
In addition the Feaction Contre]l System cambined with the Descent Tngi
bring the Lill attitude within 3O o local vertical and must hold the 121 motion
within the following limits at lm“act on the lunar surface.

Local Vertical Velocity Local Herizontal Velocity Titen/Toll Date  Yuv ate
CI0fps <h fps £ & dex./zec.. 2.3 7o /sec.

Critical impact loads during lunar landing, reevlduing from the limitins rates
civen above, occur for the initial leg immact anu for the “rock tack” or cccon-

dary impact.

Vertical Accel., - | Lateral fcceel, had/Secg
Barth g's () Tarth ¢'s (Y or ) "Lout Y or 4
Initial '
Contact 8.0 (10-2C ms) : v +14,0
Tock Back O +£.0. (10-20 ms) +14,0

24,3 fLiscent an’ lendezcvous - Loals cue to zscent eng
-ea"b_on Control Cystum zrc crizical at minirpas veisht

~he permissible closing velocities for docliing (o not exceed
Feference 11,

Closing veloc’tv Side ”elohlty i
Z X or Y Any Axds
.1 to 1 ft/sec. .5 It/sec. 1 Tegree/Sce.
Tocking loads are estimated.
. X Y - 7 ]
e & o e 2l /i~ 2
T R/Bec o R/'Cec*t : R/Cec”
Maneuver +.70 *.i} ool 20530 2.4 23, LT
Docldng = -k.0 D 2 8 .. 0 0
Contract lio. HASO=110C _ REPORT
’ Rev. CATE

GRUMMAN AIRCRAFT ENGINFERING CURPORATION
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3.k.3
3.4.3,1

(0

2201

- 1 -
3..3.3
z L o2 b
s Te e

Package Induced Environments

Sustained Acceleration. - 2.67g vertical (X-axis) with O.kg
lateral (Y, Z axes).

Holsting Acceleration. - Two separate conditions:

10 X-axis)

Hoisting with Lift Rings. - The 2.3 z hoisting shall be con-
siderea to be applied on any one rirg or any combination of
rings, whichever is critical.

~l s
s le

- As in MIL-STD-810 (USLF)
procedure III. See Table II (a).

cortziner see (Ref. 12).

SCRM G328 REV 1 8-64 QB 1402 REPOPT LX-"720-31
Jorwract Dio. IIAS 9-11700 Rev, DATE  -o hio- 1903
GRUMMAN ATRCRAFT ENGINEERING CORPORATION
CODE 26512
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3.4.4 Unpackased Ecuivment ITtem Vetursl Environments
3.4k Pressure - Atmospheric pressure corresponaling to sea level
<h°rnetha17y sesled units installed in the crev compartment

o

o

be subjected to a limit pressure of 20.5 psi absolute during
1eflight checkout).

Temperature - -20°F to 110°F anbient air temperature plus
360 B.T.U./ft.2 hr. solar rzdiztion up io & hours per day.

[

3.4.k.3 Humidity - 15 o 10

condensation.

percent relative humidity including

zone - Same as 3.4.2.6

w
=
=
=

(@S]
=
.

=
.

o

rL
¥
{
N R ARSI T A N R NN IS R ™

~ e o
3.4.L,5 Rain - Szme &3 paracgraph 2 impincement.
A
3
‘v [ —~ LA, v N ey
;1—15‘: i < RC IS S .xl.u".LL“'. e g
3
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3 kLT S2v.3 znd Dust - Szme as o %
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LI T Loas z ~ it — e AY T "
; ]
a3
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B
?
£
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a0l
[
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k.o General Environmental Conditions
k1.0 Radiation Considerations
4.1.1 Tuclear Radiation - The nuclear radiation environments for

near earth, cislunar and near-lunar space shall be as presented below.(Ref. 16)
Charged particle radiation shall not be investigated by subcontractors for
effects or LEM eguipment design. ‘ '

a. Travped Radiation - Radiation levels in the Van Allen
and artificial belts will use protons and electron
fiuxes cbtained from the Goddard Orbital Flux Ccde.

ray d4eses range

i

ty maximum to 0.3

b

¢. Scglzr Particle Evernts = The solar pariicle events

' described below are for rigidities atove the cut-off
rigidit r s artic ents '
m i iel e cut rigi

FORM G128 REV 1 8¢ . 7 1402 : REPORT LED-52
Conziract Io. FAS 9-1100 Rev. DAt 15 Mav 1965

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
: ’ CODE 26512
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P =

Where Zc

T =

Bel

M.C
vi
0

The rigidity of a particle is given by:'
: 1

-lA

2
(T° + 2 ™ c°)
Z_ © |

e

= particle's charge in units of electron charge

e.i.e.,”Ze = -1 for protons and Ze = -2 for alphas

particle kinetic energy, Mev

= particle's rest mass energy, Mev
M C2
o]

It

938.2 Mev for protons;

N

10 Mev & TR 30 Mev and 20 Mev< T4 100 Mev

ow 10 Mev.the spectrum is given by:

1]

spectrun is described by th

|
Ny
n)
(&8}

S’ o g
[l
- [N
\J1
\n
[
=
N N
AYARAN)
A%
[N
\O
) '—23 =
e pa— g
b
|
:U
(o)
~J

(@]
NS,

re W (>239 V) i3 the number of rarticles/cn®
idities greater than 239 MV (3D Mev) encournt
mission. Figure 1 of Ref. 1€ shovs the probebility
encountering greater than I (> 232 MV) particies/cm”
an 8.2-day nission plotted srainst I (> 2394V). The
ues obtelned for I, shall be considered to hold for
L alphas and proiaiis.

Ehetehbad
iditie
alphas
it one
for th

FORM G328 REV 1 864 QB 1402

Nt v p N T A 1709
Contrzet No. FAS 9-1100
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L.1.2. . . Thermal Radiation - The source of rediation presented below
lmpinges on the exterior of the LEM in logical combination:

Solar Flux - Lho BTU/ftg/hr

Earth Enission 73 BTU/£t°/hr

Lunar Emission 419 BTU/£t%/hr

(sub-solar point)

- ey
2.z BIry/1t"/hr

£
(&)
H
t
3
',Jc
[42]
6]
'..)-
Q
k]
no

Earth Alvedo G.35
(over ertire solar spectrum)
Earth Albedo 0.40
{over visible spectriun)
Turnar Normal Albedo 0.047
(cver entire solar spectrum)
Iunar Noraal Albvedo 0.098
(over visible sveetrun)

1 0.073

s

O°Rankine

diztribution tec be interpretea

L.o1.3
\
FORM G328 REV 1 8-64 QB 1402 REPORT LED-520-15
Comtract Ho. TAS 9-1100 ' Fev . DATE 15 May 1925
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[N

L.1.3.2 Radiation Exposure Limit - The nominal biological dose,
emergency dose and single acute emergency dose are to be determined.

o

'

.1.3.2. Materials - The effects of exposure to the Sclar Bven

ntr=l
VTl

L . 4
- iU
paragraph 4.1.1 shall be evaluated and mesterials selected wherever pos

[ e

which are unaffected. Where materials must be used which deteriorate or
malfunction due to radiation exposure, an evaluation must accompany the re-
quest to MSC for approval of the material.

ion Mission Environment - The charged particle
lation btelts plus all of the sources of electrs-
ed in Section %4.1.1, shall be corcidered

ible

FORM G328 REV 1 B.64 QB 1402 REPORT Loi=520-1D
Contract o, NAS 0-1100 Rev. DOATE 1% May 1965

(=N
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L.2.0 . Meteoroid Considerstions
hoo.1 Meteoroid Environment - The LEM missicn enviranment ‘s defined
in Ref. 19
(2) Sporadic Meteoroids
(b) Shower Meteorcids
{c) Secondary Meteorsids {aprlies 4o lunar surface only)
The den s_tv for seconiary metecroids shall be 2.5 g/dc istesd
orf 3.5 g/ ‘cc cortained in Ref. 19,
FORM G228 REV 1 B-64 QB 1402 ' REPORT Z0=1D
Cr Fzoo NAS G-1177 Ro+. DATE 1668
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4.3 Lunar Surface Model

b.3.1 Gravity - The mean acceleration due to the moon's gravity at

I ~ P . EY / L TP . . . :
“he surdace of the woon 1s 162.29cm/sect (5.32L5 ft/sec”). This iz equivalent
to 1/6.0426 times the standard surface gravity of the earth.

Fressure - The atmospheric pressure of the moon does not exceed

Thermal - The surface temperature varies between <+ C (250°F)
; to -185°C (-300°F) on the dark side of the meon. The
: LLO BTU/sq. ft./hr. The variation of the surfsce tempersature
é unar eguater during a complete lunation (29.53 davs) iz shown
i lire). During the lunsr dzy, the texnperatures of 1
! = up to 30°C + the av mperatur on
i Teet is 4 anc o P

en into ¢ wlct.

N
)
%]
3
g
®
5
-~
¢
=]

W et g e
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L.3.h

Landingfs*te Engineering De ig

M del Since the lunar surface

(a)

(b)

(e)

~~
I
e

varies considerably the following engineering design model w1ll be used in
configuring the landing gear:-

Ref. 16

The touchdown point at the landing site is considered to
be a circle having a radius of 10 meters. The landing
site is considered to be an area of about 10 sg. kilometers.

The surface consists both of high porosity maierial (either
'a cohesive or noncohesive aggregate) of variable thickness
and a structurally competent material. A combination of

these materials, whose escsential hrﬁnert es are described
in step (c) and {d), may preduce = heterogeneous surface

J.
V
which does not exceed the specifications iisted ixn steps
{a) through (g).

Shallow depressions and low br
iently numercus sc thel one or
of the LEM will te horizonisll
1 e e d

FORM G328 REV 1 8-64 QB 1402
Contract Iin. NNAS

REPORT 1ED-520-1D
9-1100 Rev. DATE 15 Mgy 1965
GRUMMAN AIRCRAFT ENGINEERING CCRPORATION
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L.4  Human Tolerance Limits‘

L.L.1 Carbon Dioxide - The carbon dioxide partial pressure nominal limit
shall be 7.6 mm of Hg maximum. The emergency limits shall be as indicated in
Figure 11 Ref. 16.

h.h.2 Cabln Temperature - The cabin temperature non-stressed limits shall
be TO°F minimum and 80°F maximum. The stressed and emergency limits are pre-
sented in Figures 15 and 16 respectively Rel. 16.

L.4.3 Cabin Relative Humidity - The cabin relative humnidity non-stressed
limits shaii pe L0 percent minimum and TO percent maximum. The stressed and
emergency limits shall be as indicated in Figures 15 and 16 resnpctﬂvelv of Ref

Lohoh Radiation Limits - The radiation limits are to be determined.
hoh.5 TNoise - The noise non-stressed 1imit shall be 30.db coverall and 55 db
in the 600 cps to 4800 cps range. The stressed limit shall be the maximum
noise level which will permit communications with the ground and between crew
members at 21l times. The emergency linmit is preaenbeq in Fl gure 12 Ref. 16.
L.L.6 Vibraticn - The vibration stressed, non-stressed and emergency limits
are to be. determined.
ned Acceleration - The sustained acceleration limits are to be
ustained acceleretion performance limits ere defined as the
& acceleration to which the crew shall be subjected and still
be recuired to make decisions, perform hand controller tosks reguiring visual
acaity, ete.
5.8 Twrnact Ancelerstion - The iwmnzct zcceleration nominal and emergency
iimitc are 1o be astermined.
4.5 Materials

.5.3 ' @sces

ciuding appllcation of

Materiais Greup. Approved

of Grumman Standard 3Spec

5.0 Sunzmery of Simultanecus Conditions - Table IT.

6.0 Weight and Balance - Table III.

FORM Gaza_sz 1 8-64 QB 1402 REPORT IED-SEQ--\_D
Cortrect To. JAS 0-1100  Rev.™™ 15 May 1965
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Fig 2
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Table I LEM Mission Time (L) T.0M

Normal Mission and Sys's. LEM Time Min/
Min./Max. Missions on Crew Nominal (MP) Max
g [ ] - -
’ ! : ! {Minutes
1.1 Space Venicle Prelaunch Positioning . - . - Lo
H 1
1.2 Prelaunch Checkout -+ all | Nome - 25,909M |
1.3  Launeh Countdown - - : - 2,880 |
Lat
2. Launch and Earth Ascent L " 2M 1 12/12
3. Earth Orbit P! " 18oM | €o/270
L, Translunar Injection " " : 54 1 5/5
5. Initial Coast - to transposition | " ! " 1M | 10/30
6. Transvosition, Dock & Jettison SIVB i i " 30M° 1 20/300
7. Continue Translunar Trip to 10T | None | " 3613M 13600/6600
2-7 (Launch and Translunar) : ’ f ’
8. Lunar 0rbit Incertion " " /6
9. Lunar Orbit Coast " ' B ! £0/200
1C. LI Check Out and Alignuent £0/150

11. LEf Sebavatlc and Prep. ror Descent; " " ! £0.0M 15,60
12, Insert into Elliptical Orbit " " D. D.€M 0.5/0.7
(Bohmann) !
13. Cosst o 50,000 £f. Pericynthion " " 55,10
1k, LE{ Powered Descent to Hi Gate " "D T
15, 11 Gzte w0 Io-Gate _ " " D, 1.0
16. Lo Gate to Touchdown P " D. 1.1M
17. Fostlend: hec " " 1eEn

IS

;
0/2.1
" 1" H [N
r : 40,530
om 5 NuMe To 520 ft. o M 10/3D
. o :
537 1. to Conlact
y ' 1" T - o ;
) 12.oM 5020
Fal
Trarcsfer Crew and
‘. .
" Hone 1L EM 207605
: M 20768
- - - — _ , - - - ]
On ar !
Lowe b
N oy
LSORE:
-~ )
100.33H
~ ~ Y -
“e‘Q*"ng Tine 17.2M

i &90) seconds prelaunch
»check) (Duty cycle time in mngins
Spec¢. = 1030 seconds)

i~ + 2 ~ T T
(Contirued iewt Page)

FORM G328 REV 1 8-64 QB 1402 REPORT  TED-52C-1D
Contract No. NAS 9-1100 ' -0 ey 100
GRUMM ST Sl CORFORATION
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(Table I Continued)
A. ‘Ascent Engine Operating Time 8.8M
' (Including (60) seconds prelaunch '
check) {Duty cycle time in engine
spec. = 525 sec.)
(L.) Approximate total LEM lifetime from launch
= 170 hrs. o
(Includingl0.5 hz orbit contingency) 7.1 Days
(M.P.) Mission Pnase M = Minutes
H = Hours
¢
y
FORM G32B.REV 1 B-64 QB 1402 REPORT Li~520-1L

Centract To. HAS 9-1100

i e - [
Rew. DATE 35 Mey 1G55

GRUMMAN AIRCRAFT ENGINEERING CORPOBRATION

ﬁiﬁhr TAK1TY " T 3
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Notes: 1.

TABLE II

MISSION LEVELS

ENVIRONMENTAL AND LOAD CONDITIONS

Factors of safety are nct included in the levels specified herein.

a. /o individual items ref. 3.2

b. Ground Equipment ref. 3.4

All accelerationg are "carth g's". Multiply by earth weight or
Tl £ .
use 32.2 ft/sec.” as appropriate. (sign conv. - Paze 37)

bl N P —~ - - 1 = . I
- Packaged and unpackaged - The word ced in this tabls relers
TO containers uzsd for transportaticn, handling and storage.

Plume induced envir orments

FORM G328 PEV 1 8-84 QB 1402 REPORT
Contract NAS

BT\

-1122 Rev. DATE

GRUMMEAN ATRCRAFT ENGINEERING COKPORATION
CCLE 26512

Tt

e ——



PAGE L2

-TABLE II

MISSION LEVELS

ENVIRONMENTAL AND LOAD CONDITIONS

(a) Pre-launch - Packaged Transportation, handling and storage
. in shirping container shall rot
rroduce crit

ical design loads on the
o o
Li}M or ILEM equipment and shkall not

increase weight of the L¥. The
esign envircnment apovlies
e .

Lont. gna
a
e

Acceleration: (ns)

(ns)

Shocks: (ns)
Vitration: (ns) _ T
k.
e ’
1o
(Time:
tim
cos
For 100 1bt. or less
ens & or D.A. ors g or DAL
5-7.2 .5 in D.A. 5-7.¢ .5 din DLA.
T.2-26 1.2 ¢ T.20-28 1.3 ¢
26-52 036 D.A. c6-52 026 DA,
52-50 5.0 g
(£ 300 Its
i MID-ZTT T lgE
for maximum frequency.
FORM G328 REV 1 8.84 QB 1402 . REPORT L= 5eC=d])
Contract IAS-1100 Fev.bATE 1% M=o 1G85

CRUMMAN AIRCRAFT ENGINEERING CORPORATION
CODE 26512

4 A e oy

P
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(a) Pre-Launch - Packaged (Cont'd)

Pressure:

Ground

My
4l G

poriation and storage:

Air Transportation:

m
4L

emperature:

Cround Transportation:

3T

S pe M

‘ransportation:

min. of 11.78 psia

min. of 3.45 psia for 8 ur

(35000 £t. alt)
-65°F to +160°F for 2 weeks
-45°F to +140°F for 8 hrs.

FURM G328 REV 1 8.64 QB 1402 REPORT BT anZ0-10
Conirect [IAS0-1100 eV, DATE

15 Mav 1965

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

CODE 26512




PAGE "4'14'

TABLE IT
MISSION LEVELS
ENVIRCIMENTAL AND IOAD CONDITIONS
{(a) Pre-Launch - Packaged (Cont'd)

*  Humidity: (ne) In accordance with Method 507, MIL-STDS10,
1 June 1962, except that the maximum
test temperature shall be 110°F instead
of 160°F and the minimum test temperature
shall be LO°F instead of €8°F to 100°F.

* Rairn:: {rc) Rain as defined in Method 506 MIL-STD-8:0
(GSAF) 1k June 1962,

* Snlt Spray: {(nc) Per ifethod 509, MIL-8TD-810; (No direct
irpingement)

*  Bend and Dust: (ne) Per Methed 510 except <est temp. shall
b ©+ 2O°F of 160°F

t
Fungus{
s Qoonz: (ue)
Hozerious Coces:
¥ Tt ymmnmrnatda
Irntericrence: In aceoxdarnce with LSP-322-001.
(v)
('ﬁg\
L ue, Lot simuilanecus environment conditions
. ‘ st these lavels. - ' '
- : onocuteide of reolizre
FORM G328 REV 1 8-64 QB 1402 _ . REPORY
AT S-1L20 Rav. CATE

GPUMMAN AIPCPAFT En

>
i

Pl L5 Y

el L8310
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MICE

ER N

TABLE IT

ION LEVELS

ENVIRCHNMENTAL AND TOAD CONDITICNS

(b) Pre-Launch - Unpackaged

Acceleration:

— RN
33 <
% s, Iy

NN

Shock:

Temperaturc:

Ground hanaling shall not produce
critical & loads on the LEM or
nd shall not increase
Tre following de-
onily to

oviprment and not to
SLase3, excepv where
Vewridinnl <dth O ~ Totayrg]

vertical
in direc
!". TT i

T

=0 T NY R

=y
N

ooiried,

< om

=R v
[V

FORM G223 REV 1 8-64 QB 1402

Y Np S e, w b TR OV, bifaYe)
Lonttraert IESTL1IG0

R v
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TABLE IT

MIZSION LEVELS

ENVIRONMENTAL AND LOAD CONDITIONS

(v) Pre-Launch Unpackaged (Cont'd)

Humidity . (ne) 15% to 100% relative humidity including
condensation for ambient temperature

penme ~F LNOT 13N°%w
rznge of “40°F 1o 110°F
Rain (ne) Same as prelsunch packaged buat no direct
Sy meramant
Impingement
Salt Fog {nec) Segme as prelaunch packaged
Sand and Dust {ne) Eame =g Zre-Launch Faczaged
Fungus Sene as Pre-Lzunch Packeged

Sez pragehh
H \ vowonon
\ns l’
{wa) "o
FORM G328 REV ) B-64 QB 1402 . REPORT
Comtrazct o, 1125 0-1317D =~ JDATE

Lot L6214
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TABLE II

MISSION LEVELS

ENVIRONMENTAL AND IOAD CONDITICHN

(¢) Launch and Boost C-5

X z

Acceleration (2) Rad/Sec2

4]

Rad/Sec2

Lift Off Condition +1.60 -
Max. g Condition(S-1C) +2.07 -
Boost Condition (S-1C) {+4.90 -
Cut Off Condition (S-1C)!-1.70 -
Engine Hardover (S-11) 1+2.15 -
Engine Hardover (S-11) |+2.15 -
Earth Orbit 0 0

H 1+
3 .
WD ON ()
[GNGR®NGRN;]
t

1+
1
o+
e 2 ILOAYE )]
OO OwWwm
t

I+
]
§
]

'
]
I+

O .
1
(@)
i

O

0 0

Vibration: . The mission vibration environment is
represented bty the following random
sinusoical envelopes ccnsidered

2
-
)
20
0 NERY
o lal
~ k o
250 2
to
. - o D
1250 to z000 eis JOLLE g=/cps
T to 15.5 crs 5.15% 4in..D.A.
18.5 to 10D cps 2.69 g peak
/‘\1 Tlammn Tt amiscyn Do e ey
) Trom T fer .
Bandrome
0 %o 23 oos 12 4b/o
23 tz 50 erp 018 ¢
50 4> 100 ¢ 12 do/s
100 e LY L0355 g
2200 Tz i2 db/z
pEAY
L0148 g%/ cps
0,154 in. D.A.
1.92 g rezk
FORM G328 REV 1 8-64 QB 1402 REPORY T.rD~525-1D
: o ; : 7= ~r TOST
snt aet lo. WAS 9-110 Rev. pate 15 May 1965

GRUMMAN ATRPCRAFT ENGINE

ERING CORPORATION
CODE 26512

L e L 43¢ 3 AT, A A st A~
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. N

(¢) Leuach and Boost (Cont'd)

For-design purposes the above random
spectrum applied for five min. along
each of the three mutually perpend.
axis X, Y and Z when applied in
addition {tc the corresponding sinu-
soidal specirun acting for five seconds
at the natural {requency of be eguip-
ment being desigr will =2

During the launch end boost phase of

flight, the LRI is exposed to random

vibration of varied levels =nd spectrs

for 1 t Da ApLTrox-

im od,

th ation

is S

e egior
lsunch
red to
ich are
idal

....... T

5t riantre
5 QZTure.

R ———— Y Y

ZRM G328 REV 1 8-84 QB j402
Cﬁk-““‘ﬂct T\:C- W‘IYA.’* O IENels)

——

GRUMMAN AIRCFAFT

Per PATE 15 “lo-

REPORT LI -32D-10

ENGINEERING CORPORAT!ON
CODE 26512
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TABLE II

- MISSION LEVELS

'ETVIROIMZNIAL AID LOAD COIDITIONS

(¢) Leunch ond Boost C-5 (Continued)

Acousties
(sound pressure levels -

Octave Brnd

(coc)

C5 at nax.
Ievel (db)

in d. b. externcl to

LEM)
‘(re .0002 dynea/c“ )

Pressure:

Tormercture:

chmiditys
lezardous poses:

Blectronagnetic:
Irterference:

Contract No. IJAS 9-1100
GRrRUm e

9 to 18.8 136
18.38 to 37.5 k2
37.5 to 75 14€
75 to 150 143
150 to 300 . 132
300  to 600 135
600  to 1200 10
1200 to 2LoO 125,
Lo0 to 4300 11
LE00O  to 9600 113
overall 15
Ptumospberic vrecsure ot sca lovel to
1:10-7 =2 (Hs))
exeept in crbin which i1s pure oxyren
2).5 poiu to 5.3 piia {Decar time

0%t 130°F uneortyolled sn
2%to 150°F esuitnent ba as
3 — . IR ]
20° b0 1O0°F enulpmori bav (

z.

° to 120°F fuel aﬂd X idizer
15° to 130°F ambie t co- leve

-65% to 270°F LEM4 eA+e“n9¢ sur?

SLA inlternsl surface - to be
lanneH

Zxterior to.cebin: Honre
Insile Cabin: (J2)

Came ¢ pr»-l xunch peckaged
Cce Percgrornh bl

" For external itexs.  Ref. L.o

EHFCRAFPT ENGINEERING CORPORA’IONﬁ

n (unpres ssurized)
ent ctare)
‘ezcent stare)

r compartment
I - AR

ace
sunplied

5

REPORT

appror. 2

IED-5.0-1 T
DATE Rev. 15 Mey 1355
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TABLE TI

MISSION LEVELS

ENVIRONMEITTAL AND LOAD CONDITIONS

(41 Svace Flisht Translunar (Con'd) '

Pressure: 1x lﬁmlunm I~ uncontrelled vacuun (space)
S.0 to .1 1sin urcontrolled cabin { Jn)About
6€ hre. non.lirear decey time.
1 x 107%m Hr ureontr.lled Vacuunx(ITK;TEscent
stage)
1 x 10-1%m Hy uncontrolled vacuum (LE:
ascent stage)

A

Teaerature: ¥ 3° 1o
3° ta
20° 1o
132 4

-330°
-T.L°TF
For e
Sol
L
(1
Sypace
hinid iy lone

Huazoardsus Gos: Sene

Flectromeuetic Sane

Intorference:

BHallations Var A
Tf\ 1)
minntes

: belt

“leteorotilis: - Por external

Y nivment toiverature e Lo ocmacir
for axterpal item .

GRUMMAN “ATRCEATFT ENGINEIRING CORFORATION
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TABLE. II

MISSICH LEVELS
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PAGE D3

15 to 100 cps
*100 to 175 cps
175 to 2000 cps

Firusoidal:

5 to 20 cbs
20 to 100 cps

mperature: ¥¥,%

¢
1
i
~

[ P

<

TABL& II
(¢) Iunar Descent - (Cont'd)
- . bl
Vibraticn: {b} To Descent Stage Equip. Support

.031 gz/cps
6 db/octave decrease’
.010 gg/cps

0.10 in. D.A.
1.92 g Peak

ectrun acting
frecuency

compartnent

7 2 e
70 minutes)

RCS erngire firivg -

v- w4 G328 REV | 8.64 QB 1402 REPORT
Contresct IIAS 9-2100 | LBV e pATE

“ CODE 26512

GRYUMMAN AIRCRAFY ENGINEERING CORPORATION
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\ ‘ ‘ ) TABLE 1T

.

sags 56

MISSION IEVELS

ETVIROIMINTAL AJTD LOAD CONDITICHS

(£) Lunar Stay

Accelerations:

cond. - at rest 1/C g

Shock: not wrild

g

B alinds s s it

R s
N

LR

“ sre
TV -

. ~e iy . B .y . . .
40Ul Ascoent ond dencert €l " nes nol opcrstinc. Vit ©7on

auR wo othier

sources o be supwulied.

RN B Tlr o e S AL R St T o Wikt of ORI o A MO S A gy o

e gmvme NS v F Bl - NS w A
Moshs PTG e TR A R e L e e R AR IS T T NI NN I T
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ENVIRON I TTAL

Lunarbstﬁy_(poni§l

Pressure:

erature:

3

en

¥
i)

Humidity:

Hazcrdeous Gas:

e LR T4 . . m .
8w L2700 ST A
T [N
"\. e} =
NDtsTs. - :

teteoreids: Foy oot oreel Do,

W T R R A

e

b

i

i

cpm

R

e
PR hom
U

Ay ey Wl A T Y €

koo

T3

R e SLE A




Acceleration:

vl

TARTE T
.LI‘A-B.‘ ot WL

AT

Fand

LUSL LY

(g) Tunar Ascent - Including acscent

FCEM G328 REV 1 B-84 QB 1402

T

! iz

;L £ redfee ot

¥

{ N s
encine operzting [ S 00 BN
docking condition i 5.0 P00 g n
: ~ . { '
trensfer crbit I 0 S
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PAGE 59.

(g)

Iunar Ascent -

Pressure:

Temperature: ¥¥,

Humidity:

™ - yam 3
Elecircmagnetic
[ ot B I . .
incersercnees
A e S A e
Metecroids:

TABLE IT
MISSION LEVELS
ENVIRONMENTAL AND LOAD CONDITIONS

0 ~“mm Hg vacuum (Space)

5.8 psia controlled cabin

0710y Hg vacuum (ILEM Ascent ‘tage)

sia 10797 Hg uncontrolled cabin
8

cerntrollied

ceblr (Op pressurized)

4 ~
Controlled cebin (Og), L0 te T0% r.h.
-3 -~ . N -
Locslily in capii (Jpj, O to 100% r.a.

\
i

H
/

- S e~ A S - -~ ~ T e = e 3 Rl
Nk Fovirment Temperzuure due o oabingd evpogure shnall o pDe gelermined ior
externel items.

FORM G328 REVY ) 8.64 QB 1402

Conbtract Iz. HAS 9-1100

GRUMMAN AIRC
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